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Background: Aromas have been associated with physiological, psychological affective and behavioral effects. We
tested whether effects of low-level exposure to two ambient food-related aromas (citrus and vanilla) could be
measured with small numbers of subjects, low-cost physiological sensors and semi-real life settings. Tests included
physiological (heart rate, physical activity and response times), psychological (emotions and mood) and behavioral
(food choice) measures in a semi-real life environment for 22 participants.
Results: Exposure to ambient citrus aroma increased physical activity (P <0.05), shortened response times in young
participants (P <0.05), decreased negative emotions (P <0.05), and affected food choice (P <0.05). Exposure to
ambient vanilla aroma increased projected introvert emotions (P <0.05). All effects were small relative to estimated
effect sizes.
Conclusions: The test battery used in this study demonstrated aroma-specific physiological, psychological and
behavioral effects of aromas with similar appeal and intensities, and similar food-related origins. These effects could
be measured in (semi-) real life environments for freely moving subjects using relatively inexpensive commercially
available physiological sensors.
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VanillaBackground
Our world is filled with ambient aromas with varying
degrees of intensity and appeal originating from food
and non-food sources. Food aromas contribute to food
flavor, which in turn is a key factor in food preferences.
Non-food aromas are typically present in the form of
perfumes and skin care products. These products are
often purchased by consumers in the belief that the aro-
mas will make them happier, more self-confident or
more refreshed. These beliefs are encouraged and
enhanced by clever marketing, which has resulted in a
billion dollar fragrance industry. Some of these beliefs
are supported by scientific evidence from studies de-
monstrating effects on human mental and physical per-
formance [1-12] on human behaviors, such as helping* Correspondence: rene.dewijk@wur.nl
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distribution, and reproduction in any mediumbehavior [13,14] or behavior in shops [15,16], restaurants
[17] and casinos [18] and effects on mood and emotions
[19,20]. Other studies suggest a physiological basis for
some of these effects, demonstrated by changes in
physiological parameters, such as electroencephalogram
(EEG) activity, heart rate, skin conductance, blood pres-
sure or respiration rate [21-26] during specific aroma
exposures. Unfortunately, physiological, behavioral and
psychological measurements are rarely combined in the
same study, which limits the insight into the underlying
mechanisms of aroma effects. A compounding factor is
that many aroma studies originate from the somewhat
obscure field of aromatherapy which does not consis-
tently uphold scientific rigor [27]. We set out to develop
a battery of simple tests to assess the effects of low-level
ambient aromas on subjects’ physiology and behavior in
a realistic environment, using relatively inexpensive
commercially available physiological sensors where fea-
sible. Once developed, this test battery could be used toentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,



























Figure 1 Effect of aroma on food choice. Number of portions of
mandarin oranges (black bar), cookies (white bar), and cheese
(hatched bar) consumed during exposure to ambient citrus and























Figure 2 Averaged levels of physical activity of young (black
bar) and middle-aged (white bar) participants during exposure
to ambient citrus and vanilla aromas and to an odorless
control. Error bars are standard deviations.
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mechanisms underlying the effects. This study describes
our first steps towards this goal.
The present study combines a sound statistical design
with physiological (physical activity, heart rate), psycho-
logical (mood and emotions) and behavioral (food choice
and reaction times) tests to evaluate effects of two ambi-
ent aromas that are similar in appeal [20,28,29] but with
different stimulating properties [29]. The exposures took
place in semi-real life (that is, non-laboratory) test situa-
tions and the physiological and behavioral measures fo-
cused on the ecologically relevant effects, namely




All data were analyzed using the parametric General
Linear Models (GLM) Repeated Measures, a statistical
test that provides variance analysis for studies with
repeated testing of the same dependent measures on the
same participants. Because this study follows a within-
participant design and the data were normally distribu-
ted, GLM Repeated Measures was the appropriate test
to use. The between-subject category variables of age
group and gender were included. Only significant effects
of these variables are reported in the result section to-
gether with estimates of the effect size (95% confidence
intervals).
Behavioral measurements
Food and drink choice
Only exposure to ambient citrus aroma affected food
choice as reflected by the significant aroma by food
interaction (F (2, 44) = 5.7, P = 0.01). Post-hoc tests
showed that exposure to citrus aroma reduced selection
of cheese. A 95% confidence interval for the aroma effect
on cheese runs from 0.26 to 1.74. Selection of cookies
was unaffected by the aroma condition (t <1.44, n.s.). Ex-
posure to ambient vanilla aroma did not affect food
choice (F (2, 44) = 1, 6, n.s.) (Figure 1).
Physiological affective measurements
Heart rate
Heart rates averaged 76.5 ± 6.5 beats/minute during ex-
posure to the odorless control, increased slightly to 77.1
± 6.4 beats/minute during exposure to citrus and
decreased slightly to 74.4 ± 6.4 beats/minute during ex-
posure to vanilla. A 95% confidence interval for the
aroma effect on heart rate runs from 72.1 to 80.6. In-
spection of the results indicated that this effect was not
related to one specific period during the session. Post-
hoc tests demonstrated that exposure to ambient vanillaaroma decreased heart rate significantly compared to ex-
posure to ambient citrus aroma (P <0.05).Energy expenditure
Exposure to the two aromas did not significantly affect
energy expenditure expressed in calories per minute.
Expressed as Metabolic Equivalents of Tasks or METs
(see Method section for explanation), activity levels were
significantly higher during exposure to the citrus aroma
(1.23 ± 0.38) compared to exposure to the vanilla aroma
(1.07 ± 0.13) and to the odorless control (1.09 ± 0.16)
(F (2, 40) = 7.7, P = 0.002) (see Figure 2). A 95% confi-
dence interval for the aroma effect on MET runs from
1.02 to 1.25. The aroma condition affected young parti-
cipants more than middle-aged participants, as indicated
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and age group (F (2, 40) = 5.2, P = 0.02) (Figure 3).
Response time test
Response times for incorrect responses were omitted
from the analyses. Median correct response times for
edible test words were significantly shorter than those
for non-edible test words (466 ± 77 vs. 488 ± 102 msec,
F (1, 21) = 5.3, P = 0.03). The effect of the aroma condi-
tion on response times for the young participants dif-
fered significantly from that of the middle-aged
participants (F (1, 14) = 5.3, P = 0.03) (Figure 2). Inspec-
tion of the young participant results demonstrated
shorter response times in the citrus condition and longer
response times in the vanilla condition.
Psychological affective measurements
Projected emotions
Aroma conditions affected projected “introvert” emo-
tions significantly (F (2, 40) = 3.0, P <0.05), with higher
ratings for the vanilla condition (3.80 ± 1.15) than for the
citrus (3.51 ± 0.96) and control conditions (3.29 ± 0.84).
A 95% confidence interval on the effect on projected
introvert emotions runs from 3.13 to 3.87. No significant
aroma effect was observed for any of the other 11 pro-
jected emotions.
Mood test (PANAS)
Scores for the positive emotions were not affected by the
aroma condition, that is, there was no main effect of
aroma condition or significant interactions between the
aroma condition and exposure duration (PANAS tested
at the beginning and end of the session). In the citrus
condition, negative emotions became less intense during
exposure indicated by a significant interaction between
aroma condition and duration of test (F (2, 40) = 3.90,
P = 0.03) (Table 1). A 95% confidence interval runs



















Figure 3 Response times for semantic decision test of young
(black bar) and middle-aged (white bar) participants during
exposure to ambient citrus and vanilla aromas and to an
odorless control. Error bars are standard deviations.Interviews
All participants described the test environment as
“pleasant”, “clean” and “a good place to work”. Some
thought the ventilation was “noisy”, or felt it caused a
“chilly breeze”. Among the subjects, only one (first ses-
sion) and two (second week) commented spontaneously
on the ambient aroma in the room. In the third week,
when the subjects were asked to speculate about the
goal of the study, five subjects used the word ‘aroma’, but
only two of them mentioned the influence of aroma on
food choice. Results of the final ambient aroma ques-
tionnaire indicated that 11 of the subjects were unable
to recognize any aromas, 8 only recognized the vanilla
aroma, 2 only recognized the citrus aroma, and 1 was
able to recognize both aromas.
The test results are summarized in Table 2.Discussion
Exposures to ambient citrus and vanilla aromas showed
differential behavioral, psychological and physiological
effects. Exposure to citrus resulted in elevated mood,
increased physical activity in young adults, and affected
food choice. In contrast, exposure to vanilla only
affected projected emotions. Some of the effects varied
with the subject’s age or with the degree of exposure to
the aromas. Even though most of the effects on indivi-
dual tests are small relative to the estimated effect size,
the pattern of results is impressive because it demon-
strates that two ambient aromas produce different
physiological, psychological and behavioral effects des-
pite their similarity in terms of appeal and intensity. Fu-
ture tests will explore systematically the effects of other
aromas and aroma concentrations to further optimize
this test set. Future tests will also include longer expo-
sure durations to verify whether the aroma effects persist
or whether they disappear when the novelty effect of the
aromas wear off. The outcome of these future studies
will contribute to the identification of aromas that are
optimized with regard to specific functionalities, such as
improved mood, increased relaxation, increased physicalTable 1 Effect of aroma on mood
Type of emotion Positive Negative
Aroma condition Exposure duration Score ± SD Score ± SD
Citrus Short 3.89 ± 0.54 1.26 ± 0.36
Citrus Long 3.71 ± 0.60 1.12 ± 0.18
Control Short 3.77 ± 0.60 1.20 ± 0.27
Control Long 3.78 ± 0.50 1.19 ± 0.26
Vanilla Short 3.70 ± 0.53 1.21 ± 0.27
Vanilla Long 3.65 ± 0.71 1.19 ± 0.26
Averaged PANAS mood scores (± SD) of positive affect and negative affect
emotions per aroma condition (range 1 to 5) measured after short and long
exposure durations.
Table 2 Summary of effects of aroma
Type of test Type of
measurement






Heart rate Heart rate Stimulation/ relaxation X
Physiological affective
measurements
Physical activity Energy expenditure, METs Stimulation X*
Physiological affective
measurements
Response time test Response time Stimulation X*
Psychological affective
measurements











Mediation of emotions X
Behavioral measurements Food choice Cheese consumption Satiety X
* in young participants.
Significant results are indicated by “X”.
Summary of the effects of exposure to ambient citrus and vanilla aromas on the tests used in the present study.
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and food intake.
The present study does not investigate possible causa-
lities among the physiological, psychological and beha-
vioral effects, but it has been argued by others that the
physiological reactions probably have a psychological
origin [27]. Certain aromas, for example, the pleasant
ones, have in general positive effects on our mood,
whereas others have negative effects. Different effects of
mood trigger different physiological reactions. The spe-
cific psychological and physiological effects of aromas
are not stable, but vary with age, gender, experience and
culture. For example, the aroma of Limburger cheese is
initially disliked but appreciated with increasing expo-
sure, and the aroma of wintergreen is universally liked in
the United States of America and universally disliked in
Europe [27].
Even though the present study is exploratory and li-
mited to only two aromas, the results have some interes-
ting implications. The differences between vanilla and
citrus are not self-evident, as the two most probable
explanations, namely differences in appeal and in inten-
sity can probably be excluded. Both aromas are pleasant,
as indicated by other research [29] and the aromas were
presented at barely detectable levels that were not
consciously perceived by most subjects. In addition,
both aromas belong to the same general category of
food-related aromas. These results suggest, first, that
effects of ambient aromas are specific and at least partly
independent of intensity, appeal and category and, sec-
ond, that conscious processing of aromas may not be a
necessary requirement for their effect (also suggested by
Wexler et al. [30]); and finally, that psychological and
behavioral effects seem to be accompanied by physio-
logical effects.Conclusions
The test battery used in this study demonstrated aroma-
specific physiological, psychological and behavioral
effects of aromas with similar appeal and intensities, and
similar food-related origins. These effects could be mea-
sured in (semi-) real life environments for freely moving




Participants were recruited via the database of the Food
& Biobased Research organization. All participants had a
normal sense of smell as determined by the European
Test of Olfactory Capabilities (ETOC). Twenty-four
non-allergic and non-vegetarian participants were
selected based on gender, age and weight. Vegetarians
were excluded because some of the tests referred to
meat products. One participant was a smoker. All parti-
cipants signed consent forms to participate in the study.
To test systematic effects of age and gender, participants
were divided into two age groups, namely “young”
(32.0 yrs. ± 10.3 SD) and “middle-aged” (51.1 yrs. ± 4.0
SD). Within each age group, equal numbers of males
and females were recruited. Twenty-two participants (13
females and 9 males) completed the study. The study
protocol was approved by the Social Science Ethics
Committee of Wageningen University.
Test facilities
The study was carried out in the so-called ‘mood rooms’
located at the research facilities of the Restaurant of the
Future in Wageningen, The Netherlands. The mood
rooms are four identical test rooms (12 m2 in size)
which are sparsely decorated and furnished, and
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tor the activity of participants, and vaporizers and air
conditioners to control ambient conditions. Ambient
temperature was held at 21°C. Three of the four rooms
were used in this study, one for each aroma condition.
One room was scented with the citrus aroma, one with
the vanilla aroma and one room was kept/remained
odorless. Participants were unaware of the presence of
the vaporizers and aroma concentrations were kept at
barely detectable levels. These levels had been deter-
mined in a pilot study in which groups of consumers
were rotated through the rooms with different concen-
trations of the aromas in each room. Consumers were
asked to indicate if they smelled an odor and, if they did,
what kind of odor it was. With the results of this study
we set the concentration levels of the ambient aromas.
The selected concentrations were noticeable in the pilot
study by most of the consumers, but only when their at-
tention was drawn to the aromas.Ambient aromas
Vaporizers (AllSens Geurbeleving, Oosterhout, The
Netherlands) filled with natural aromatic citrus and va-
nilla oils (Voit Aroma Factory, Martinsried, Germany)
were used to generate ambient aromas. Clean air gene-
rated by a programmable compressor was passed
through the saturated headspace of the aroma vessel into
the space occupied by the test participants in 2-sec
pulses every 10 minutes. Together with the room venti-
lation this produced a relatively stable intensity during
the session. A vaporizer filled with water was used as an
odorless control.Behavioral measurements
Actual food choice of congruent and non-congruent
foods While participants were exposed to each of the
ambient aroma conditions, they were presented with
plates of small portions of foods and drinks. Every plate
contained congruent, non-congruent, and neutral food
and drink. The plates consisted of citrus-congruent
(mandarin orange segments and orange juice), vanilla-
congruent (vanilla cookies and milk) or neutral in rela-
tion to either aroma (cubes of cheese and mineral
water). The participants were led to believe that the food
and drinks were presented only for their convenience
and that they were free to sample from them during the
session,except during the response time test. Consump-
tion of food during exposure was measured by tallying
food present at the beginning and end of the session.
Similarly, the drinks were weighed at the beginning and
end of the session.Physiological affective measurements
Heart rate and physical activity These were monitored
using the Polar S810 heart rate monitor and SenseWear
BMS sensor system (BodyMedia Inc., Pittsburgh, PA.
USA), respectively. The heart rate monitor monitors
heart rate accurately [31] and consists of a receiver
mounted in a wristwatch and a sensor placed with a belt
around the chest. The Sensewear BMS sensor system is
a commercially available sensor system designed to con-
tinuously monitor energy expenditure, activity and sleep
efficiency accurately [32]. The total energy expenditure
is the amount of energy expended in calories averaged
across a session and includes the basal metabolic rate
of the participants. To compensate for differences in
session durations, energy expenditures were converted
into energy expenditures per minute (total energy ex-
penditure divided by session duration, expressed in
kcals/min). Physical activity levels were expressed in
Metabolic Equivalents of Tasks or METs. A MET-score
of 1 MET is the rate at which adults burn kcal at rest:
this is approximately 1 kcal per kilogram of body
weight per hour (expressed as 1 kcal/kg/hr). For ex-
ample, METs for dancing, hiking and running equal ap-
proximately 4.5, 6, and 7.5.Response time test A computerized semantic deci-
sion test was developed in which participants had to
indicate as quickly as possible whether a word pre-
sented on the monitor placed in front of them re-
ferred to something edible (food) or inedible (part of
the landscape or the interior of a house). At the be-
ginning of each trial, the participant placed the index
finger of his/her dominant hand on a marker located
at equal distances from the left and right arrow but-
tons on the computer keyboard. As soon as the test
word appeared on the monitor, the participants
moved the finger to either the left or right arrow
button to indicate whether the test word referred to
something edible or inedible. To counterbalance for
possible response biases, half of the participants had
to press the right arrow button for an “edible” re-
sponse and the left-button for an “inedible” response.
For the other half of the participants the buttons for
“edible” and “inedible” were reversed. A computer-
ized timer recorded the time between the presented
word and the press on the left or the right arrow
button. A total of 200 test words were displayed,
with a break of 30 seconds after the first 100 words.
Per participant and aroma condition, the median re-
sponse times for the set of edible and inedible
responses were calculated to reduce the influence of
outliers.
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Mood test The PANAS (Positive Affect and Negative
Affect Schedule) questionnaire of Watson and Clark was
used to assess each participant’s mood status [33]. In this
test participants rate their emotional status using a list
of 20 emotions and a 5-point rating scale. The sub
scores of the positive and negative mood scales were
added and averaged [34].
Projective emotion test This test consisted of 24
photographs of male and female faces with comparable
neutral expressions. Each face was judged by the partici-
pant using a set of 12 positive and negative descriptors.
The positive descriptors were “kind”, “enterprising”,
“cheerful”, “open”, “reliable” and “warm”. The negative
descriptors were “introvert”, “arrogant”, “tensed”, “shy”,
“suspicious” and “discouraged”. The set of 24 photo-
graphs was divided into 3 subsets of 8 photographs, each
subset having a comparable mix of male and female
faces. Each subset was used in one of the three aroma
conditions. Subsets and aroma conditions were rando-
mized across participants. Ratings for each descriptor
were averaged per participant across subsets.
Debriefing
After the third and final session, participants were asked
to speculate on the purpose of the study and on any am-
bient aromas they might have noticed during the ses-
sions. The participants could indicate whether they
smelled an ambient aroma in week 1, 2 and/or 3 as well
as indicate the aroma. When participants did not re-
member the ambient aromas of the rooms they had been
in several weeks ago, they were allowed to smell the
available aroma samples. Based on these samples they
could choose the aroma that they thought was present
in the room on a certain day.
Procedure
Each participant participated in 3 separate 45-minute
session held at the same time on the same weekday du-
ring 3 consecutive weeks. Per session, a single partici-
pant was exposed to one of the ambient aroma condi-
tions (citrus, vanilla and odorless control) during which
he/she performed a number of tests. Participants were
not told anything about the ambient aromas; nonethe-
less, the order of the aroma conditions was randomized
across participants. At the start of each session, partici-
pants were equipped with the heart rate and activity sen-
sors, and were guided into the experimental room where
they received additional instructions for each test via a
computer monitor. During the next two minutes a mood
test was conducted, followed by the projective emotion
test (five minutes), the response time test (eightminutes), the second mood test (two minutes) and,
finally, an interview (three minutes) in which partici-
pants were questioned regarding their general impres-
sions of the test procedures and the test environment.
During each session participants had access to congru-
ent, non-congruent and neutral food and drinks and
participants were told that these were free for them to
consume (food choice test). At the end of the third and
final session participants were debriefed.
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